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METHOD FOR MANUFACTURING AND HEAT- INSULATED PIPES FOR CONVEYING HOT OR COLD 

FLUIDS 



10 



DESCRIPTION 

The present invention relates to a method for 
15 manufacturing heat-insulated pipes comprising coaxial 
tubes for conveying hot/cold fluids and a pipe obtained 
by means of this method. 

The conveying of hot /cold fluids normally takes 
place by means of pipes which are formed by joining 
20 together sections of thermally pre-insulated tubes and 
then rewelding the joints between the tubes after 
installing this piping on-site- These pipes consist 
essentially of an inner carrier tube, a layer of heat- 
insulating material and an outer casing tube- These 
25 thermally pre-insulated tubes may be made using a wide 
range of materials, both as regards the outer casing 
tube and the inner carrier tube. 

For example, the carrier tube may be made of 
metal, fibreglass, plastic materials, rubber or the 
30 like, in the form of a single layer or also several 
composite layers of these materials. As regards the 
heat-insulating material, it is possible to use glass 
wool, expanded polyurethane (PU) , expanded phenol 
resins, expanded thermoplastic materials (polystyrene, 
35 polyethylene, polypropylene, etc.), expanded rubbers, 
expanded calcium silicate, foamed glass and also 
syntactic foams which usually do not require outer 
coating in the form of a single layer or several 
composite layers. As regards the casing tube, it is 
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possible to use as materials metal, fibreglass, 
thermoplastic and thermosetting materials, bituminous 
materials, rubber and the like. 

For example, the pre-insulated pipes with coaxial 
5 tubes used in the oil, gas and distance-heating sectors 
are generally formed by an inner carrier tube made of 
steel, an outer casing tube made of steel or plastic 
materials, concentric with this carrier tube and coated 
so as to be corrosion-resistant, and heat-insulating 
10 material, generally expanded polyurethane, which fills 
the cylindrical cavity formed between the carrier tube 
and the casing tube . 

The pre-insulated pipes normally used for 
conveying hot and cold fluids may be of two types. A 
15 first type is defined as "bonded" and has the 
characteristic feature that the internal heat- 
insulating material firmly adheres both to the outer 
surface of the carrier tube and to the inner surface of 
the casing tube, thus forming a one-piece pipe. In 
20 this first type of piping, the carrier tubes at the two 
free ends are longer than the casing tube and left free 
of insulating material so that they may be welded on- 
site. These exposed end sections of the carrier tube 
are then insulated and two steel half-jackets or a 
25 steel sleeve or a sleeve of plastic material are fixed 
on them in order to ensure the continuity of the casing 
tube. The welding operations required for recomposition 
of the casing tube with the two steel half-jackets, 
steel sleeve and sleeve made of plastic materials 
30 result in a significant amount of lost time and are 
very expensive from a cost point of view. 

In a second type of pre-insulated pipe, the casing 
tube slides on the layer of heat-insulating material 
which surrounds the carrier tube in order to prevent 
35 the use of steel half- jackets, steel sleeve or sleeve 
made of plastic materials. 

For manufacture of this second type of pre- 
insulated pipe and in particular for formation of the 
heat-insulating material between the sliding casing 
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tube and the carrier tube, at present the following 
methods A, B and C are used: 

A) Spraying of expanded polyurethane (PU) , 
comprising the following steps: 

5 a) applying polyurethane components by means of 

spraying onto the carrier tube kept rotating; 

b) milling/smoothing the surface embossed with the 
expanded PU; 

c) coating the expanded PU by wrapping it with 
10 plastic tapes, fibreglass or an extruded thermoplastic 

strip. The final thickness of the insulating material 
plus its coating on the carrier tube must be such as to 
leave a certain amount of play with respect to the 
internal diameter of the casing tube so that they may 
15 be coupled together; 

d) introducing the insulated and coated carrier 
tube inside the casing tube; 

e) temporarily fixing together the carrier tube 
and the casing tube so that they may be handled and 

20 transported. 

B) Casting of expanded PU, comprising the 
following steps : 

a) placing the carrier tube inside a mould so as 
to insulate it by means of casting with polyurethane 

25 components; 

b) removing the insulated carrier tube from the 
mould and coating the insulating material as per step 
c) in method A; 

c) introducing the insulated and coated carrier 
30 tube inside the casing tube; 

d) temporarily fixing together the carrier tube 
and the casing tube so that they may be handled and 
transported. 

C) Jackets pre-made from heat-insulating material, 
35 comprising the following steps: 

a) mounting and fixing on the carrier tube jackets 
made of heat-insulating material (expanded PU, glass 
wool, calcium silicate, cellulose glass, cork, etc.) 
using suitable adhesive; 
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b) coating the insulating material as in step c) 
of method A; 

c) and d) as in steps d) and e) of method A* 
These methods A, B and C have various drawbacks : 

5 firstly the thickness of the cavity between the carrier 
tube and the casing tube is not wholly occupied by the 
heat-insulating material, but is partly used for the 
insulating material coating layer and is partly 
occupied by the play left between the insulated carrier 

10 tube and the casing tube and this play, which is useful 
for facilitating the step where the casing tube is 
mounted over the carrier tube, may reach values as high 
as 10-12 mm to the detriment of the heat insulating 
efficiency and the cold-down times: the operation of 

15 milling/smoothing the surface embossed with the 
expanded PU is very critical in that it is difficult to 
obtain uniform thicknesses of insulating material over 
the whole carrier tube; the need to mount on the 
carrier tube special rings for obtaining centring of 

20 the tubes at the ends and limit the camber of the 
carrier tube with respect to the casing tube, thus 
rendering critical the centring and parallel 
arrangement of the circumferences of the tube to be 
welded together; the need to temporarily fix together 

25 the carrier tube and casing tube so as to allow 
handling and transportation thereof. 

The main object of the present invention is 
therefore to provide a method for manufacturing heat- 
insulated pipes comprising coaxial tubes sliding 

30 relative to each other with controlled friction, which 
overcomes the drawbacks of the known methods cited 
above • 

This object is achieved by the present invention 
by means of a method for manufacturing heat-insulated 
35 pipes comprising coaxial tubes for conveying hot/cold 
fluids, characterized by the following steps: 

a) applying a film of non-adhesive and lubricating 
material onto the inner surface of a first outer casing 
tube and/or onto the outer surface of a second inner 
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carrier tube; 

b) fixing a series of spacers made of heat- 
insulating material onto the inner carrier tube; 

c) coupling and centring the outer casing tube on 
5 the inner carrier tube so as to form a cavity between 

them; 

d) mounting suitable sealing flanges on the ends 
of these tubes coupled together in accordance with step 
c); 

10 e) heating in an oven the tubes provided with 

flanges and coupled together in accordance with steps 
c) and d) ; 

f) supplying, via the flange or flanges and by 
suitable means, liquid resin which, as a result of 

15 subsequent expansion until it fills completely the 
cavity formed between these tubes coupled together in 
accordance with step c) , forms the heat-insulating 
coating; 

g) removing the flanges from the ends of these 
2 0 tubes coupled together, after suitable curing of the 

heat-insulating material. 

A further object of the present invention is to 
provide a pipe for conveying hot and cold fluids , 
obtained with the present method and comprising an 

25 inner carrier tube, at least one layer of heat- 
insulating material and an outer casing tube fitted 
coaxially said carrier tube, characterized in that 
between the inner surface of said casing tube and the 
outer surface of the heat-insulating material and/or 

30 between the outer surface of said carrier tube and the 
inner surface of said heat-insulating material there is 
provided a film of non-adhesive and lubricating 
material able to achieve a condition of sliding with 
controlled friction between said heat-insulating 

35 material and the inner surface of the outer casing tube 
and/or between said heat-insulating material and the 
outer surface of said inner carrier tube. This sliding 
condition is obtained only by the action of an outer 
thrusting force greater than the frictional force 



WO 2005/058573 



6 



PCT/EP2004/053110 



created between the insulating material and the surface 
of the tube. 

A further object of the present invention is to 
provide heat-insulated pipes comprising coaxial tubes 
5 sliding relative to each other with controlled 
friction, whereby in a first version (casing tube 
sliding on insulating materials) it is possible to 
perform, upon installation on-site, sliding of the 
casing tube on the insulating material and direct 

10 welding to that of the tube mounted previously and 
whereby in a second version (carrier tube sliding on 
insulating material) it is possible to perform, upon 
installation on-site, after welding of the carrier 
tube, sliding of the insulating material and casing 

15 tube on the carrier tube by means of extension of the 
cut -back zone previously left on the carrier tube as a 
result of welding, thus ensuring directly continuity of 
the heat insulation without having to specifically 
modify it. 

20 A further object of the invention is to provide 

heat-insulating pipes comprising coaxial tubes sliding 
relative to each other, whereby, after installation on- 
site, said tubes may be fixed together by introducing 
resin between the contact surfaces of the insulating 

25 material and the tube or by heat -activating the non- 
adhesive film formed between insulating material and 
surface of the tube, so that it becomes adhesive. 

Further objects and advantages of the present 
invention will be understood more clearly during the 

30 course of the following description, considered by way 
of a non-limiting example and with reference to the 
accompanying drawings in which: 

- Fig. 1 shows a partial side elevation and 
longitudinally sectioned view of an inner carrier tube; 

35 *" Fig. 2 shows a partial side elevation and 

longitudinally sectioned view of an outer casing tube; 

- Fig. 3 shows a front and cross-sectional view of 
the casing tube according to Fig. 2 coupled with the 
carrier tube according to Fig. 1; 
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- Fig. 4 shows a partial side elevation and 
longitudinally sectioned view of a step involving 
introduction of fluid heat-insulating material, 
according to the present method, into the cavity formed 

5 between the carrier tube and the casing tube according 
to Fig. 3; and 

- Fig. 5 shows a partial side elevation and 
longitudinally sectioned view of a pipe for conveying 
hot/cold fluids obtained with the present method. 

10 With reference to the accompanying drawings and in 

particular to Fig. 1 thereof, 1 denotes a carrier tube 
which may be made of various materials, such as metals, 
reinforced and non-reinforced thermoplastic and 
thermosetting materials, rubbers and the like, 

15 composite materials, etc. 

Fig. 2 shows a casing tube 2 which has a diameter 
greater than the carrier tube 1 and which may be made 
of various materials, such as metals, reinforced and 
non-reinforced thermoplastic and thermosetting 

20 materials, rubbers and the like, composite materials, 
etc. According to a first step a) of the present 
method, the inner surface of this casing tube 2 is 
provided with a film 3 of non-adhesive and lubricating 
material. This film 3 is in reality fairly thin, but 

25 for obvious reasons of illustrative clarity, has been 
shown with a certain thickness. The non-adhesive and 
lubricating material of the film 3 may be of a varying 
nature: thermosetting and thermoplastic materials which 
may or may not be heat-activated, metallic films 

30 (aluminium or the like), thermosetting and 
thermoplastic films which may or may not be heat- 
activated, combined with metallic films, paper in ply 
form, glass fabrics and plastic fibres or plant fibres; 
separating/lubricating agents such as silicone, waxes, 
35 oils, fats, etc. 

Fig. 3 shows the carrier tube 1 with, fixed on top 
in a radial direction, spacers 4 made of heat- 
insulating material, for example expanded polyurethane, 
in accordance with a step b) of the present method, so 
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as to obtain precise centring upon coupling of the 
casing tube 2 with the carrier tube 1, in accordance 
with step c) of the present method. A cavity 5 is 
therefore formed between said casing tube 2 and carrier 
5 tube 1, in the space left between the spacers 4, 

Fig. 4 shows laterally a pipe formed by two tubes , 
i.e. carrier tube 1 and casing tube 2, on the ends of 
which, in accordance with step d) of the present 
method, two sealing and centring flanges 6 are fixed. 

10 After mounting said sealing flanges 6, the pipe is 
placed in an oven in order to heat it, in accordance 
with a step e) of the present method, preferably at 
temperatures higher than 25°C. Via one or both said 
flanges 6, by means of a machine 7 supplying heat- 

15 insulating material 8 such as expanded PU, in 
accordance with a step f) of the present method, this 
liquid resin 8 is supplied inside the cavity 5 formed 
between said tubes 1 and 2 and, as a result of 
subsequent expansion until it completely fills the said 

2 0 cavity, forms the heat-insulating coating. Once this 
step f) of forming heat-insulating material 8 has been 
completed, said expanded material 8 is allowed to cure 
sufficiently and then the two end flanges 6 are 
removed, step g) , obtaining a pipe (see Fig. 5) with 

25 the casing tube 2 sliding, owing to the film 3 of non- 
adhesive material, on the heat-insulating material 8 
which surrounds the carrier tube 1, without 
advantageously leaving any play or gap between said 
heat-insulating material 8 and the casing tube 2. 

30 Obviously, by envisaging the application of a film 

3 of non-adhesive and lubricating material also on the 
outer surface of this carrier tube 1 in addition to or 
as an alternative to application of the film 3 on the 
inner surface of the casing tube, sliding of both the 

35 carrier and casing tubes 1 and 2 or of the carrier tube 
1 alone on the heat-insulating material 8 is achieved. 

As regards the insulating material 8 to be used in 
order to fill the cavity 5 between the carrier tube 1 
and casing tube 2 coupled together, it is possible to 
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use: glass wool and the like, expanded polyurethane, 
expanded epoxy resins, expanded phenol resins, expanded 
thermoplastic materials (polystyrene , polyethylene , 
polypropylene, polyvinyl chloride, polyethylene 
5 terephthalate, etc.), expanded rubbers, expanded 
calcium silicate, foamed glass, syntactic foams, etc. 

As part of the heat-insulating material 8 it is 
also possible to use pre-formed jackets of insulating 
material in the form of one or more layers with the 

10 insulating materials which are kept under a vacuum and 
optionally combined with pre-formed containers 
containing state-changing materials as a heat source in 
order to prolong the cold-down, firmly adhering to the 
carrier tube and to each other. In this case, the 

15 carrier tube 1 thus coated will be coupled with the 
casing tube 2 and a cavity with a thickness less than 
that shown in the figures will be formed. Expanding 
resin will be introduced into this smaller-size cavity, 
as a heat insulator. In order to achieve sliding of 

2 0 the casing tube 2 on the carrier tube 1, this expanding 
resin will be prevented, as seen above, from adhering 
to the inner surface of said casing tube 2, by means of 
application of the film 3 of non-adhesive material. 

This expanding resin between the carrier tube 1 

25 and the casing tube 2 may be introduced into the cavity 
formed between them by means of known casting methods, 
such as: casting of the resin inside the cavity kept 
under ordinary pressure and corresponding overpacking 
of the expanding mass; introduction of the resin by 

30 conveying it on support band made to pass over the 
generatrices of the cavity; introduction of the resin 
by means of a supply head introduced into the cavity 
and supplying the material as it is retracted, or by 
means of innovative methods such as : 

35 - expansion of the resin inside the cavity kept 

under a vacuum, resulting in the possibility of using 
expanding resins which have a limited sliding capacity 
and are very reactive, since the vacuum causes 
evaporation of the expanding agent and therefore rapid 
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expansion of the resin without having to wait for 
raising of the temperature of the mass following the 
heat generated by the chemical reaction occurring with 
polymerization of the components of the resin which, as 
5 its progresses, tends to result in a mass which is 
increasingly viscous and with a limited sliding 
capacity; 

- expansion of the resin inside the cavity by a 
special method based on a head for mixing the 

10 components of the resin which, once introduced into the 
cavity together with a special ring for guiding and 
centring the carrier tube and casing tube, ensures 
centring thereof during expansion of the resin without 
the use of conventional spacers. Mixing head and 

15 centring ring are integral with each other and kept at 
a distance such that the carrier tube does not bow and 
the whole assembly is retracted while the foaming mass 
is supplied and gradually fills the cavity and, 
solidifying, keeps the carrier tube in a centred 

20 position with respect to the casing tube. The resin 
mixing head and the centring ring may also be retracted 
stepwise with successive castings, so that the 
expanding resin fills each time the empty space between 
the head and the centring ring. With this system of 

25 successive castings, the tubes coupled together may be 
kept during casting in an inclined plane and also in a 
vertical plane; 

- expansion of the resin introduced into the 
cavity as in the preceding method and keeping the 

30 carrier tube and casing tube coupled together rotating 
so as to ensure a homogeneous distribution of the 
foaming mass. 

As it has been possible to establish from the 
above description, the advantages arising from use of a 

35 method for manufacturing heat-insulated pipes 
comprising coaxial tubes are numerous, as are the 
further variations of embodiment which may be adopted 
in order to obtain these advantages without departing 
from the scope of the accompanying claims. 



